Antiphospholipid syndrome (APS) is clinically characterized by arterial or venous thrombosis; however, non-thromboembolic lung manifestations, such as diffuse alveolar hemorrhage (DAH), have also been previously reported. DAH is relatively common in APS patients with systemic lupus erythematosus, although it is rare in primary APS. We encountered a 78-year-old man who presented with hemoptysis and dyspnea. Chest CT showed diffuse ground-glass opacity with pulmonary thromboembolism. He was successfully treated with corticosteroids and heparin; however, DAH recurred after the corticosteroid treatment was stopped. The treatment was intricate due to the concurrent bleeding and thrombotic manifestations.
Introduction
Antiphospholipid syndrome (APS) is characterized by the clinical evidence of arterial or venous thrombosis, recurrent fetal loss, and thrombocytopenia accompanied by the elevation of at least one of the antiphospholipid antibodies or lupus anticoagulant testing (1, 2) . APS is either primary or secondary to an underlying condition, most commonly systemic lupus erythematosus (SLE) (3). The spectrum of clinical manifestations seen in APS is wide and diverse. Most pulmonary manifestations result from the hypercoagulable state caused by antiphospholipid antibody (4) , which can result in pulmonary thromboembolism, pulmonary hypertension, and acute respiratory distress syndrome-like disease. However, some manifestations, such as thrombocytopenia, cardiac valve disease, and diffuse alveolar hemorrhage (DAH) (5) , have been reported even in the absence of thrombosis. DAH is associated with a number of clinical entities and several histologic subtypes. The most common underlying histologic subtype is connective tissue disorders, such as seropositive systemic vasculitis or SLE (6) . DAH is relatively common in APS secondary to SLE (7); however, it is a rare manifestation in primary APS.
We herein report a case of DAH and pulmonary thromboembolism that developed concurrently in a patient with primary APS and was successfully treated with a combination of corticosteroids and heparin.
Case Report
A 78-year-old man with a 30-year history of hypertension was admitted to our hospital complaining of hemoptysis, a slight fever, and dyspnea for 10 days. He had a 28 pack/ year smoking history between the ages of 20 and 74.
On admission, the patient's temperature was 37.6°C and his oxygen saturation was 92% in room air. Chest auscultation revealed fine crackles in the left lung fields, but no skin rash, skin ulcers, or joint swelling were present. The laboratory data on admission revealed a white blood cell count of 9,500 cells/μL, a C-reactive protein (CRP) level of 11.1 mg/ dL, and a lactate dehydrogenase (LDH) level of 303 U/L. Anemia and thrombocytopenia were not observed. The levels of Krebs von den Lungen-6 (KL-6) and procalcitonin were normal. Antinuclear antibody titers were negative, as were double-stranded DNA, antineutrophil cytoplasmic antibody (ANCA), and other autoantibodies. The prothrombin time (PT) and activated partial thromboplastin time (APTT) were normal. The result of a lupus anticoagulant test using hexagonal phospholipid neutralization was positive, although the results of tests for antiphospholipid antibodies were negative (Table) . A chest radiograph showed the presence of diffuse infiltrate in the left lung field (Fig. 1A ). CT and high-resolution CT (HRCT) revealed diffuse ground-glass opacity (GGO) in the left lung ( Fig. 1B-D) . Contrast CT showed pulmonary thrombosis in the right lower pulmonary artery ( Fig. 1E ) and deep vein thrombosis in the right popliteal vein. The bronchoalveolar lavage fluid (BALF) was bloody with hemosiderin-laden macrophages and no infectious organisms were identified; thus, we diagnosed the patient with DAH with pulmonary thromboembolism. The neutrophils (18%), lymphocytes (26%) and eosinophils (23%) all showed increased levels in the BALF. The patient was given methylprednisolone (1,000 mg daily) for 3 days, followed by prednisolone (25 mg daily). Heparin therapy was started carefully in combination with corticosteroids for the pulmonary thromboembolism and deep vein thrombosis. The patient's hemoptysis resolved and oxygenation improved within several days of beginning the corticosteroid therapy. Chest CT showed improvement in GGO, and an ultrasonogram of the lower extremity showed improvement in deep vein thrombosis. The dose of corticosteroid was tapered, and heparin was switched to oral rivaroxaban. The patient was discharged with prescriptions for oral prednisolone (10 mg) and rivaroxaban.
During the follow-up observation, prednisolone was tapered and then discontinued. The patient was on prednisolone therapy for a total of 3 months. One month after finishing the corticosteroid therapy, he developed a recurrence of dyspnea and hemoptysis. Chest CT showed bilateral GGO without pulmonary thromboembolism (Fig. 2) . Bronchoscopy revealed bloody returns throughout the lavage with no evidence of infection. The result of a lupus anticoagulant test was again positive. The patient was diagnosed with recurrent DAH due to primary APS, and rivaroxaban was briefly discontinued due to the risk of increased hemorrhage. He was placed on high-dose intravenous methylprednisolone for 3 days, followed by daily prednisolone (50 mg). Later, his oxygenation improved, and CT showed improvement in GGO. One week after resuming prednisolone, the patient developed sudden dysarthria. Brain diffusion-weighted magnetic resonance imaging (MRI) revealed multiple highintensity areas in the cerebellum and left temporal region (Fig. 3) . He was diagnosed with an acute cerebral infarction and aspirin was started. The prednisolone dose was maintained at 10 mg daily in combination with aspirin and rivaroxaban. No relapse of DAH or other thrombosis was observed during the 5 months of subsequent treatment.
Discussion
In this case of primary APS associated with DAH and pulmonary thromboembolism, bleeding and thrombotic manifestations developed concurrently. However, the patient was successfully treated with corticosteroids in combination with heparin. The DAH responded well to corticosteroid therapy without any immunosuppressive agents, although it recurred after therapy was stopped. Multiple thrombotic events developed during the clinical course.
APS is diagnosed based on the clinical evidence of arterial or venous thrombosis accompanied by an elevation of at least one of the antiphospholipid antibodies on direct anti- 
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body testing or lupus anticoagulant testing (1, 2) . According to an international consensus statement, lupus anticoagulant positivity is confirmed when lupus anticoagulant is present in the plasma on two or more tests separated by an interval of at least 12 weeks (8) . In the present case, lupus anticoagulant was positive only on a hexagonal phospholipid neutralization test; other antiphospholipid antibodies were negative. Past reports indicate that no single test has 100% sensitivity in detecting lupus anticoagulant (9) . Additionally, Hughes and Khamashta described patients with clinical manifestations highly suggestive of antiphospholipid syndrome but with persistently negative results for lupus anticoagulant and antiphospholipid antibodies, a condition now referred to as "seronegative antiphospholipid syndrome" (10) . Although the results of tests for other anticardiolipin antibodies and a lupus anticoagulant test were negative, our patient twice had a positive result for lupus anticoagulant on the hexagonal phospholipid neutralization tests given more than 12 weeks apart. Additionally, he developed multiple arterial and venous thromboses, which suggests a diagnosis of APS. We detected no specific clinical symptoms or serologic findings suggestive of other autoimmune diseases, such as SLE and ANCA-associated vasculitis. The diagnosis was therefore primary APS. Because DAH is a rare manifestation in primary APS, the available literature is limited to case reports and small case series (4, 11-16) . Although the precise pathogenic mecha-nisms are not well understood, it is believed that pulmonary capillaritis plays a role in the DAH pathogenesis. Dane and West reported four patients with primary APS who developed DAH, three of whom underwent open lung biopsy. The biopsy specimens showed neutrophilic infiltration of the alveolar septae consistent with pulmonary capillaritis and associated with hemorrhage into alveolar spaces. There was no evidence of vascular thrombosis, and the researchers hypothesized that DAH development was not due to thrombosis but rather to the antiphospholipid antibody-induced upregulation of endothelial cell adhesion molecules, with subsequent neutrophil recruitment and migration into the alveolar septae (4) . Neutrophilia of BALF in our case was consistent with their hypothesis, however, lymphocytosis and eosinophilia were also observed. There is a possibility that an immune-mediated response was associated in our case.
Respiratory failure in our patient improved following high-dose corticosteroid therapy. Previous reports indicated that treatment of DAH in APS should start with corticosteroids for patients with severe respiratory distress (17) . Other immunosuppressive agents, such as cyclophosphamide, azathioprine, and mycophenolate mofetil, have been used in an attempt to achieve complete remission. Additionally, some case reports noted that intravenous immunoglobulin treatment (4, 12, 16) , plasmapheresis (13) , and rituximab (15, 16) may be effective for patients who do not respond to corticosteroids. Cartin-Ceba et al. reported that immunosuppression with either cyclophosphamide or rituximab may have a higher likelihood of success (16) . In the present case, DAH responded well to corticosteroids and is currently being controlled without other immunosuppressive agents. However, corticosteroid therapy alone may not be sufficient for the long-term control of DAH. Therefore, if it is not possible to control the disease or if other complications arise due to corticosteroid therapy, we intend to use immunosuppressive agents such as cyclophosphamide or rituximab.
In our patient, the treatment became intricate due to concurrent DAH and pulmonary thromboembolism. The ground glass opacity was distributed in almost the entire left lung field and pulmonary thromboembolism was limited to the right lower branch of the pulmonary artery. We considered that the main cause of respiratory failure in the patient was DAH, however, there was deep vein thrombosis in the right popliteal vein and it may have led to the development of life-threatening pulmonary thromboembolism. Therefore, the administration of heparin was carefully initiated for the treatment of venous thrombosis and for the prevention of another thrombosis. Girardi et al. found that heparin decreased antiphospholipid antibody and may help moderate the disease (18) . Although it is unclear whether heparin treatment results in the improvement of DAH caused by capillaritis, heparin may play a positive role, not only in treating thrombosis, but also in DAH.
Patients with APS develop arterial and venous thromboses. Previous reports indicate that the addition of an antiplatelet agent is a possible treatment for patients with recurrent thrombosis during warfarin treatment (19) . In the present case, rivaroxaban was the first drug used for venous thrombosis based on the EINSTEIN Investigators reports (20, 21) . However, the patient later developed multiple cerebral infarctions. We used aspirin in combination with rivaroxaban to prevent subsequent arterial and venous thromboses. Under this regimen, thrombosis has been well controlled in our patient, without any adverse bleeding events.
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